The mechanism whereby biodiversity varies between habitats differing in productivity is a 
specifically excluded wild species assemblages from the analysis 18 or have been restricted to a limited biomass range 19 representing only around a third of the greatest annual biomass production (>4300 g m -2 ) 20 evident for grassland communities in nature, and can be discounted.
The main theoretical implication of the HBM is that in extreme environments organisms can only survive by exhibiting a high degree of adaptive specialisation, whereas moderate conditions allow a range of intermediate evolutionary strategies, and indeed greater variability in adaptive traits between species, greater niche segregation, and thus greater biodiversity. This concept of adaptive specialisation at productivity extremes should apply as much to high productivity environments as it does to abiotically harsh environments, because organisms specialised for resource acquisition are more likely to monopolise resources and exclude other species 21 . We investigate the hypothesis, for herbaceous communities from a range of terrestrial ecosystems spanning lowland continental to alpine bioclimatic zones, that a humped-back diversity/biomass curve exists whereby greater species diversity is associated with greater variability in a range of phenotypic trait values and in the overall evolutionary strategies that emerge from these suites of traits. respectively). This range of biomass values, and the position of the peak in biodiversity along the biomass gradient, is similar to values found by other authors 1,2,22 and allows a high degree of confidence that our data encompass a wide productivity range, providing a sound foundation for the following novel analysis of adaptive traits and strategies along the gradient. Firstly, not only do our data demonstrate a humped-back relationship between species richness and peak biomass;
Simpson's reciprocal diversity index (1/D; a widely-used measure of the number of species weighted to account for relative abundance) and the number of adaptive strategies (CSR strategies 16, 21 ) both show unimodal relationships with biomass, coinciding with the pattern exhibited by species richness (Fig. 1b,c) .
Crucially, a multivariate analysis ( at intermediate productivity is also characterised by the greatest range of CSR adaptive strategies (Fig. 1c) , evolutionary divergence in the manner in which resources are partitioned between lifehistory traits implicated in competitive ability, stress-tolerance and regeneration appears to be central to biodiversity creation. However, canopy height exhibits a significant positive linear correlation with biomass production (Fig. 2g) suggesting that maximisation of productivity is associated in a relatively straightforward manner with large size. Thus whereas the diversity of dominant species, compared between contrasting communities, is associated simply with size diversity (the degree of C-selection), biodiversity within each community depends more on resource economics and regeneration (S-and R-selection).
Our data provide the first empirical support, in wild communities, for the hypothesis that biodiversity is limited at productivity extremes by a requirement for extreme adaptive specialisation, whilst divergence in resource economics and reproductive timing at intermediate productivities creates the potential for the survival of a greater range of subsidiary species. As humped-back curves have also been demonstrated in marine [12] [13] [14] [15] and microbial 16 ecosystems, the conclusion that variability in resource economics and reproductive timing generates biodiversity is likely to be of widespread relevance, particularly for biodiversity conservation. For instance, the majority of rare or endangered species in herbaceous plant communities are found at intermediate biomass 11 . Now it is possible to be confident why such effects occur. Evolution has free rein, and ecosystems become more complex, when the habitat is not characterised by extremely harsh abiotic selection pressures -but also when conditions are not so benign that any single species can rise to dominance. 2 . Variability in the adaptive traits of herbaceous plant species in relation to biomass (peak above ground dry matter) and different measures of biodiversity. a). a principal components analysis (PCA) showing the main axes of variation in the data. Axis 1 is an axis of variation between biodiversity (trait variance and species diversity) and large plant size and biomass production, specifically: the number of species (Richness), Simpson's reciprocal index (1/D), the number of CSR strategies (# strategies), variance in the traits leaf dry matter content (LDMCvar), specific leaf area (SLAvar), lateral spread (LSvar), flowering start (FSvar), and the extent of S-selection were positively associated with PCA1, whilst peak above ground dry matter, canopy height (CH), leaf dry weight (LDW) and the extent of C-selection were negatively associated. Axis 2 is an axis of variation between ruderalism (absolute SLA, flowering period (FP), the extent of R-selection) and (negatively) biomass production (peak above ground dry matter, C-selection, LDMC, LS and FS). Panels b). -e). show variance, within communities along the biomass gradient, in values for traits positively correlated with PCA axis 1: LDMCvar, LSvar, SLAvar and FSvar, respectively. Panel f). demonstrates that the peak in biodiversity at intermediate biomass is composed mostly of subsidiary species (subordinates or transients) with relative abundances of less than 10%, and g). shows the positive linear correlation between biomass and canopy height, occurring negatively along PCA axis 2. 
Methods
We quantified species relative abundance (and identity), peak above ground dry matter (i.e. standing crop plus litter harvested at the phenological peak of production at each site 1, 2 measured directly in the field, and leaves were collected from these plants and taken to the laboratory for the measurement of leaf fresh weight (LFW), leaf dry weight (LDW) and leaf area (LA), using standard methods as described previously 25, 26 . Leaf dry matter content (LDMC) and specific leaf area (SLA) were then calculated 24 . Phenological traits, measured as the month of flowering onset for each species (flowering start, FS) and the duration of flowering, in months, (flowering period, FP). These were used alongside leaf and whole-plant traits to calculate adaptive strategies, using CSR classification 27 as detailed and justified previously 25, 26, 28 , and as applied to over a thousand plant species in situ in a range of habitats throughout Europe 16 .
Biomass was sampled at the phenological peak of production, between April and October, during 2009 to 2010. Dates as early as April were necessary for communities of therophytes on disturbed ground at low elevations that peak extremely early, but these communities were nonetheless sampled during the peak of biomass production and the fruiting phase of the majority of species within the community. Biomass was sampled according to Al-Mufti et al. 2 :
i.e. standing crop plus litter was harvested using a battery-powered clipper and scissors from three 0.25 m -2 sub-plots, with data combined to calculate the mean dry weight per m 2 at each site. Dry weight was measured following drying in a forced-air oven at 95°C for eight hours.
